This study investigated 355nm UV-pulsed laser processing of a 150 thick film of polypropylene filled with copper particles. Generally, processing polypropylene with a low beam energy UV laser is difficult because the material's absorption rate is less than 1% in UV wavelengths. However, polypropylene filled with copper particles is easily processed by UV laser, because copper has a UV absorption rate of more than 70%. The absorbed heat of the copper is transmitted to the polypropylene, accomplishing the machining process. Experimental results were observed while changing the laser processing speed rate. Also, the mechanism of the experimental results was investigated theoretically and experimentally.
Introduction
Polymeric materials have been mainly used as a structural materials because they are lightweight and have excellent mechanical strength in comparison to their weight. In recent years, their use has gradually expanded due to their other excellent physical properties. Polypropylene (PP), in particular, is now one of the most widely useful polymeric materials [1] . The specific gravity of PP is lighter than TPX(the trademark name for Polymethylpentene plastic) and is about 60% that of polyvinyl chloride (PVC). Also, the mechanical strength of PP is better than high density polyethylene (HDPE) including yield point, tensile strength, compressive strength and elastic modulus. These properties are widely important in industrial and molding materials. PP is often used by itself but it is also used in various ways as a composite material, mixed with metal and many other substances [1] [2] . For instance, the integration of copper particles into polypropylene leads to antibacterial properties, whereas gold and platinum particles improve cell adhesion, for use in the medical field [3] . These composite PP polymeric materials have been widely studied because mixing PP with other substances makes it possible to change the mechanical and electrical properties of PP while maintaining the plastic's other properties [1] [2] [3] [4] .
Among various studies of polymer processing that have been reported, in recent years, the study of the fine processing of polymer materials using a laser has grown [5] [6] [7] 9] . Micromachining methods using a laser is simple and environmentally friendly because they do not require additional process steps and processing is generated in ambient atmosphere by a photochemical reaction between the polymer molecules and photons. However, in order to properly perform the polymer processing using a laser, the wavelength parameters of the laser must be carefully considered [7, 9] .
For example, because PP absorbs less than 1% of the UV wavelengths in a low-energy beam of UV wavelengths, the processing is less likely to be effective [8] [9] . For polymeric materials such as PP, which are difficult to process in the UV wavelengths at low energy, I have determined that the energy absorption of UV wavelengths occurs more easily with a composite mixture of polymer and metal [5 ] .
In this paper, I demonstrate with experiments and theory that mixing PP with copper facilitates processing in the low-energy UV wavelengths by improving the absorption rate of UV wavelengths. Mie theory was used to derive the theoretical threshold value at which PP processing occurs and by referring to this value, experiments were conducted. 10wt% of copper was mixed in the PP to prepare a film having a thickness of 150 μm, which was then subjected to machining experiments using a UV laser to produce fabricated films. Experimental results were observed using an FE-SEM (Field Emission Scanning Electron Microscope), and analyzed.
Theoretical
In general, processing PP with a low-energy laser beam at the 355nm UV wavelength is hard, because the rate of energy absorption in the UV wavelength of 355nm is less than 1%. However, since metal can have a high absorption rate in the UV wavelength. These results might be changed by mixing the polymer with metal. OO has a high transmittance in the UV wavelengths [5, 8] . Fig. 1 shows the absorption mechanism that occurs when a PP film mixed with fine metal powder is irradiated by laser with UV wavelengths. In Fig. 1 (a) most of the irradiated laser beam energy is transmitted through the PP and reaches the metal powder. When the laser beam reaches the metal absorption and scattering occurs, as shown in Fig. 1 (b) . As a result, as shown in Fig. 1 (c) , the laser energy absorbed by the metal is emitted as heat, the heat is transmitted to the PP layer, and the PP is melted.
In this study, the absorption rate in the UV wavelength of 355nm using copper powder was 72%. By using the Mie theory to investigate this phenomenon. It is possible to derivate the theoretical threshold values that are necessary to produce melting in the PP copper composite material. In the Mie theory the shape of the particles are spheres, and the theory can be applied when the particle size is larger than the size of the wavelength [10] [11] [12] . In this experiment, copper particles with a 10 μm diameter were used, which is greater than the wavelength, and so the Mie theory can be applied. The theoretical fluence value obtained through the Mie theory is the value needed to raise one particle to the desired temperature with a plurality of copper particles mutually receiving light energy, absorption and scattering occurs, which must be derived and taken into account at the same time [10] [11] 13] First, using Eq.1, the value of the theoretical energy J that can raise th particles to the desired temperature can be determined [13] .
is the density of the particles (density), is specific heat, is the desired temperature, and 0 refers to room temperature. Since means the energy of phase change, it can be ignored when a cell simply by changing only the temperature of the metal. The energy value J required to raise the temperature of the metal to 160 ℃, which is the melting temperature of PP, was calculated using this equation. However, this value does not reflect scattering between particles, but simply shows the energy required to raise single copper particles to a temperature of . The fluence in the laser pulse energy required to raise the metal to the desired temperature can be calculated by the following equation [13] / In this case, fluence values are derived while considering scattering and absorption between particles.
Q abs (λ, d p ) = Jσ abs λ (d p )
(2) where is the absorption cross section. The absorption cross section is a measure of the probability of an absorption process. More generally, the term cross section is used in physics to quantify the probability of a certain particle-particle interaction, scattering, and electromagnetic absorption. In order to calculate the Absorption cross section, it can be represented by the following equation [11, 13] . σ i = Q i • πa 2 (3) is the efficiency of the interaction of radiation with a scattering sphere of radius . Also, the stands for extinction ( = ), absorption ( = ), scattering ( = ), back-scattering ( = ), and radiation pressure ( = ). The necessary parameters for calculations are the Mie coefficients and to compute the amplitudes of the scattered field, and and for the internal field, respectively. The Mie coefficients are calculated as follows [10] [11] [12] [13] . a n = m 2 j n (mx)[xj n (x)] ′ − μ 1 where m is the refractive index of the sphere relative to the ambient medium, x = ka is the size parameter, a the radius of the sphere and k = 2π/λ is the wave number and λ the wavelength in the ambient medium. In this paper, was calculated using MATLAB. A set of Mie functions in MATLAB for all Mie calculations is referred by [13] . The required input parameters for the Mie calculation are the complex refractive index, m=n+ik, of the sphere and the size parameter. At 355nm wavelength the complex refractive index of 1.1917+1.9845i and 5μm radius of copper particle were was respectively applied.
Finally, when beam energy is irradiated to a number of particles, the fluence value necessary to raise the particles to the desired temperature can be calculated by using Eq. 2. Eq. 2 is defined again as follows. J = Q abs /σ i (5) J values are obtained using this formula, and the scattering and absorption of the plurality of particles is taken into consideration, resulting in a fluence value necessary to allow the particles to reach the desired temperature for each pulse of the laser [10] [11] .
In this paper, to calculate the fluence values the copper particles are assumed to be spherical and can reach 160 ℃, the melting point of PP. Also, the derived Fluence value was applied to the actual experiment to carry out processing.
Experimental
The PP used in this experiment, Homo PP H930D fabricated from SK Global Chemical was obtained in pellet form, having a diameter of about 4mm. Copper was used in a powdered form with particle diametersof about 10μm. Fig. 2 illustrates the procedure for creating the composite film with the PP and copper powder. In this experiment, the mixture ratio of copper was 10wt% in PP. The PP material has to be in a liquid state to make a uniformly mixed composite film. Fig. 2(a) shows the process of making a PP composite film. First, after combining the respective materials in suitable proportions, ENGEL Korea Inc injection molding machine was used to produce a blank of mixed components. The process was done to maintain the 180 ℃ and a is of 160 ℃ above the melting point of the PP. To prepare a film of 150 μm thickness the mixed sample balnk was fabricated using a press machine from MTS System Corporation, by applying 180 ℃ and 60 N force for 30 seconds, Fig. 2(b) s an actual phtograph of the final PP film made with the procedure in Fig.  2 (a) . The laser in the experiment, a Gaussian distribution Bimuin Q-switched 355nm UV laser, was a Series 3500 UV laser from DPSS laser Inc. The laser had a pulse width of 20 ns, 2.5 W output energy distribution with a pulse repetition rate of 30 kHz, With was a Series 3500 UV Laser by DPSS Lasers Inc. This laser, pulse width 20ns, output 2.5W, energy distribution in the pulse repetition rate 30kHz, TEM 00 beam mode. Table. 1 shows the specifications of the laser, and Fig. 3 shows the laser processing system. The laser processing system controls a laser pattern, and various process variables, via computer. The laser beam is focused on the specimen, and performs processing, using a Galvano scanner.
In the experiments to perform line processing on the fabricated films described above, the Mie theory laser fluence value that was previously derived, 0.216 J/ 2 , was used in the experiment. Moreover, the experiments were performed using various scan speed values of 5, 15, 40, 50 mm/s, and the results were observed using a FE-SEM. Samples were prepared for FE-SEM scanning by coating with platinum. Results Fig. 7 presents FE-SEM photographs measuring the conductor pattern generated in the processed specimens using the UV laser. Fig. 7 (a) shows the state of the wire pattern using a scan speed of 50 mm/s. No processing occurred at 50 mm/s scan speed. This is because the heat transfer time of the copper powder was not enough to melt the PP using the quick scan speed, even using previously obtained theoretical threshold value. In Fig. 7 (b) , when the process was performed at a lower speed of 40 mm/s, it was confirmed that the change processing started. Fig. 7 (c) is the result of performing the processing at a scan speed of 15 mm/s. Fig. 7 (c) was processed more than Fig. 7 (b) because heat was transmitted to PP layer for longer time. Fig. 7 (d) shows the processing result using the scan speed of 5 mm/s. Due to the long copper particle heat transfer period, the PP layer is completely melted, and it can be confirmed that the shape of the processing is the same as cutting phenomenon.
In the experiment, the theoretically derived threshold value was used when processing the PP composite film. However, the results were different depending on the scan speed. Therefore, in the actual processing, the scan speed may not allow enough time for heat transfer to occur, which is necessary to melt the PP. Using the theoretical threshold value, this experiment determined that a scan speed threshold value is required to initiate processing of the PP film. 
Summary
This paper presents a mechanism for easily processing PP film at a UV wavelength of 355nm, even at low energy, by distributing a mixture of fine copper particles with an absorption rate of 72% at that wavelength, into PP with an absorption rate of less than 1%. A composite film with a thickness of 150 was fabricated for experiments by mixing 10wt copper powder with particle diameters of 10 in PP. A 355nm UV laser was used to machine a line in the composite films, and the machining mechanism was analyzed using the experimental results and theoretical calculations. Before running the experiment, a theoretical fluence threshold value was derived using the Mie theory. Experimental processing of the fabricated films was performed by applying the derived values while varying the scan speed, and the results were observed through an FE-SEM. As a result, it was that actual processing takes place using the theoretically derived threshold values. The resulting shape of the film portion irradiated by the laser was used to experimentally confirm that the shape of the processed line varied, depending on the scan speed. Based on this study, future work will study the various applications of laser processing of composite, metal mixed in PP material.
